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orthostatic hypotension.
Background. Sodium wasting during the night has been postulated
as a potential pathophysiological mechanism in patients suffering
from orthostatic hypotension due to severe autonomic deficiency.
Methods. In this study, the diurnal variations in creatinine
clearance, sodium excretion and segmental renal tubular handling
of sodium were evaluated in 18 healthy subjects and 20 young
patients with orthostatic hypotension (OH). In addition, 24-hour
ambulatory blood pressure and the neuro-hormonal response to
changes in posture were determined. The patients and their
controls were studied on a free sodium intake. In a second
protocol, 10 controls and 10 patients were similarly investigated
after one week of a high salt diet (regular diet 1 6 g NaCl/day).
Results. Our results demonstrate that, in contrast to normal
subjects in whom no significant changes in glomerular filtration,
sodium excretion and segmental sodium reabsorption were observed
throughout the day, patients with OH were characterized by a
significant increase in glomerular filtration rate during the nighttime
(P 5 0.03) and significant increases in urinary lithium excretion (P ,
0.05) and lithium clearance (P 5 0.05) during the night, suggesting a
decreased proximal reabsorption of sodium. On a high sodium diet,
the symptoms of orthostatic hypotension and the circardian varia-
tions in sodium reabsorption were significantly blunted.
Conclusions. These results suggest that, while the patient is in a
supine position the effective blood volume of those with OH
becomes excessive due to the increased venous return. Hence, the
kidney responds with an increase in glomerular filtration and a
relative escape of sodium from the proximal tubular segments.
These circadian variations in renal sodium handling may contrib-
ute to the maintenance of the orthostatic syndrome.
The renal handling of sodium plays a key role in the
maintenance of extracellular fluid volume and hence is a
major determinant of blood pressure regulation. Guyton et
al have described the close link that exists between blood
pressure and the renal handling of fluid and electrolytes [1].
The pressure-natriuresis relationship tends to prevent any
sustained increase in arterial blood pressure since a rise in
pressure immediately enhances the renal output of sodium
and thereby reduces extracellular volume and cardiac out-
put. As a result blood pressure returns towards normal. The
set-point of this pressure-natriuresis mechanism is probably
abnormal in all forms of chronic hypertension since normal
sodium balance is achieved only at an elevated blood
pressure [1]. Indeed, several investigators have found an
increased proximal sodium reabsorption in animal models
of hypertension as well as in patients with essential hyper-
tension [2–5].
The pressure-natriuresis mechanism is also effective
when blood pressure falls below a critical level. In this case,
the kidneys reduce fluid and sodium excretion enabling
blood pressure to return to normal values. Several old
studies have suggested that hypotensive patients with auto-
nomic insufficiency have an inadequate conservation of
sodium, especially under sodium restriction [6, 7], but these
observations remain controversial [8]. It has also been
postulated that patients with autonomic insufficiency waste
sodium during the night, and that this natriuresis leads to a
relative hypovolemia and a more marked orthostatic hypo-
tension in the morning [9].
These abnormalities in the ability to retain sodium have
been described in patients with orthostatic hypotension due
to a severe insufficiency of the autonomic nervous system,
a relatively uncommon clinical situation [6–9]. Recently, a
syndrome of mild orthostatic intolerance has been defined
[10]. This syndrome is quite common among young sub-
jects, in particular women aged 20 to 40, and is character-
ized by frequent orthostatic presyncopal symptoms relieved
when the patient assumes a supine position. It is associated
with normal or high plasma catecholamine levels, ortho-
static tachycardia, hypotension and occasionally with idio-
pathic hypovolemia [10–12]. Recent findings suggest that
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patients suffering from orthostatic intolerance have a par-
tial dysautonomia leading to a reduced lower extremity
vascular tone [13–15].
Because sodium homeostasis plays an important role in
the control of blood pressure, we have investigated the
daytime and nighttime variations in renal handling of
sodium using endogenous lithium as a marker of the
proximal sodium reabsorption in patients with orthostatic
hypotension maintained on a regular and on a high sodium
diet. In addition, the daytime and nighttime variations in
blood pressure and the hormonal response to postural
changes were measured.
METHODS
Patient selection
Twenty patients with orthostatic hypotension (OH) and
18 normotensive healthy controls were enrolled in this
study. Orthostatic hypotension was defined by the reporting
of symptoms such as dizziness, lightheadedness, faintness,
blurring of vision, pain and discomfort in the back of the
neck or head upon assuming the upright position, occurring
more than twice a week for more than one year, and/or by
a positive orthostatic test, defined as a fall of at least 20 mm
Hg in systolic blood pressure and/or 10 mm Hg in diastolic
blood pressure when assuming the upright position. The
orthostatic test was conducted using standard procedures
with blood pressure and heart rate determinations on times
0, 3, 5, 10, 15, 25 and 30 minutes. Blood pressure was
measured with a sphygmomanometer. The differences be-
tween the three-minute blood pressure value or the lowest
standing BP and the baseline supine value were retained
for the analysis. In some cases, the BP corresponding to
symptoms upon standing was considered. The patients were
instructed not to move their legs during the test. None of
the patients was on any treatment. All subjects and patients
were studied on a free sodium diet. They were asked to
abstain from smoking and drinking coffee. Patients suffer-
ing from secondary hypotension (diabetes, alcoholism, ad-
renal failure, heart disease), venous insufficiency and se-
vere dysautonomia were excluded. The OH patients were
recruited from outpatients of the Lausanne University
Hospital. Age- and sex-matched healthy control subjects
were recruited from hospital staff. The study protocol has
been reviewed and approved by the institutional ethics
committee at the University Hospital, Lausanne, and all
patients gave their written informed consent.
Protocol 1: Renal sodium handling on a free sodium
intake
Twenty patients and eighteen control subjects who met
the inclusion criteria participated in this study. On the first
day, a 24-hour blood pressure recording was obtained using
ambulatory blood pressure monitoring (Profilomat, Roche,
Switzerland). Blood pressure was measured at 30 minute
intervals during the day (from 8 a.m. to 10 p.m.) and every
60 minutes during the night (from 10 p.m. to 8 a.m.). The
mean of either the daytime or the nighttime blood pres-
sures were considered in the analysis. Concomitantly, the
subjects collected the corresponding portions of the 24
hour urines to measure daytime and nighttime urinary
electrolyte excretion. On the next day, the patients and
volunteers were admitted to the outpatient department at
8:00 a.m. After one hour in supine position, blood was
drawn to measure baseline plasma electrolytes, creatinine,
plasma renin activity (PRA), aldosterone, atrial natriuretic
peptide (ANP), epinephrine, norepinephrine, dopamine
and neuropeptide Y (NPY). These measurements were
repeated after 30 minutes with the participant in a standing
position.
Protocol 2: Renal sodium handling on a high sodium
diet
At the end of the first study, 10 patients and 10 controls
received an eight day supplementation of 6 g sodium
chloride per day added to their usual diet. Sodium chloride
was administered in capsules. After one week of salt
supplementation, patients and their controls underwent the
same protocol as in study 1.
Analytic methods
Segmental renal sodium handling was assessed by the
determination of endogenous lithium in plasma and urine
using graphite furnace atomic absorption spectrophotome-
try [16], and by the calculation of the clearances of sodium
(CNa) and lithium (CLi) using the standard formula: Clear-
ance 5 (Ux * V)/Px, where Ux is urinary concentration and
Px is the plasma concentration of x, and V is the volume of
urine in ml/min. In addition, the fractional excretion of
sodium from the distal tubule (FDENa) was calculated as
100 2 [(CLi * CNa)/CLi].
Plasma and urinary sodium and potassium were analyzed
with selective electrodes (Hel-ISE; Beckman Instruments,
Fullerton, CA, USA). Plasma and urine creatinine were
analyzed by the picric acid method (Cobas-Mira, Roche,
Basel, Switzerland). For determination of plasma renin
activity, a technique reported by Poulsen and Jo¨rgensen
[17] and adapted by Nussberger et al [18] was used. Plasma
aldosterone [19] and ANP [20] were measured by RIA.
Plasma catecholamines were measured by high-perfor-
mance liquid chromatography [21] and NPY by a specific
two-site sandwich amplified enzyme immunoassay [22].
Statistics
All results are expressed as mean 6 SEM. The statistical
significance of differences was evaluated by paired or
unpaired Student’s t-tests when appropriate, with P , 0.05
as the minimum level of significance.
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RESULTS
The characteristics of the patients included in the two
protocols are presented in Table 1. The patients and their
controls were comparable in terms of age, male/female
ratio, body mass index and plasma electrolytes. However,
the mean daytime systolic and diastolic ambulatory blood
pressures were significantly higher in patients with ortho-
static hypotension (OH) than in controls. During the
nighttime, blood pressure differences between OH and
controls did not reach significance. Throughout the day,
heart rate variability was similar in control subjects and OH
patients (mean of the SDs of the heart rates, 11.76 6 0.9 in
controls and 12.5 6 0.7 in patients with OH). Upon
assuming a standing position, blood pressure values fell
significantly in patients with OH whereas it remained stable
in controls. The heart rate increased similarly in the two
groups. All patients with OH were symptomatic during the
postural change. The maximal effect on blood pressure and
heart rate is shown in Table 1. At three minutes, blood
pressure fell by 20.44/1.56 mm Hg (systolic/diastolic BP) in
control subjects and by 216/29.5 mm Hg in patients with
OH. Twelve patients had a fall in blood pressure $20 mm
Hg at three minutes. Simultaneously, the heart rate in-
creased by 12.6 beats/min in controls and by 13.6 beats/min
in OH patients. One patient of the control group reported
occasional dizziness upon standing but her orthostatic test
was negative.
Protocol 1: Renal sodium handling on a free sodium
intake
The daytime and nighttime variations in creatinine clear-
ance, urinary sodium excretion, urinary Li/Na and K/Na
ratios and the diurnal changes in the clearances of Na, K
and lithium and fractional excretion of sodium from the
distal tubule are presented in Table 2. On a free sodium
intake, the mean 24-hour urinary sodium excretion was
140 6 9.5 mmol/day in controls and 157.5 6 12.6 mmol/day
in OH (P 5 NS). In control subjects, no significant diurnal
variation in urinary sodium excretion was observed. More-
over, the creatinine, sodium and lithium clearances and the
fractional distal excretion of sodium (FDENa) were remark-
ably stable throughtout the day. Potassium excretion was
the only parameter to decrease significantly during the
nighttime (P , 0.01).
In patients with OH, the sodium excretion rate was
slightly higher during the night (P 5 NS). Moreover,
sodium clearance was comparable during both the daytime
and nighttime. However, a significant increase in creatinine
clearance was found during the nighttime (P , 0.01).
Urinary lithium excretion (ULi/UNa) and the clearance of
lithium were significantly higher during the night (Table 2).
Conversely, the fractional excretion of sodium escaping
from the distal tubule was significantly lower during night-
time (P , 0.05). Similarly to control subjects, potassium
excretion decreased during nighttime in OH patients; how-
ever, the daytime UK/UNa ratio and potassium clearance
were significantly lower in patients than in controls.
The results of the neurohormonal response to a postural
change in control subjects and in patients with OH are
presented in Table 3. In control subjects, the change from
the supine to the upright position was characterized by
significant increases in PRA (P , 0.01), plasma norepi-
nephrine and NPY levels (P , 0.01), and slight but
non-significant changes in plasma aldosterone and ANP
Table 1. Baseline characteristics of the patients and control subjects included in two protocols
Protocol 1: Free sodium diet Protocol 2: High salt diet
Patients with OH
(N 5 20)
Controls
(N 5 18)
Patients with OH
(N 5 10)
Controls
(N 5 10)
Age mean (range) 34.9 (16–70) 34/1 (17–53) 32.6 (18–53) 34 (24–49)
Male/female 4/16 2/16 2/8 2/8
BMI kg/m2 21.6 6 0.65 21.07 6 0.61 22.3 6 1.2 21.9 6 0.9
Plasma
Creatinine mmol/liter 76 6 3 77 6 3.1 74 6 3.2 75 6 4
Sodium mmol/liter 140.2 6 0.26 140.7 6 0.44 141 6 0.4 141 6 0.6
Potassium mmol/liter 4.12 6 0.08 4.19 6 0.07 4.0 6 0.1 4.3 6 0.2
Lithium mmol/liter 0.24 6 0.04 0.21 6 0.03 0.22 6 0.04 0.25 6 0.06
Ambulatory blood pressure mm Hg
Systolic, daytime 119.0 6 0.6b 114.2 6 0.4 119 6 0.8a 113.4 6 0.5
Diastolic, daytime 82.1 6 0.6a 80.5 6 0.5 83 6 0.8 80.2 6 0.5
Systolic, nighttime 104.1 6 1.7 99.9 6 1.3 101.7 6 1.7 101.7 6 1.2
Diastolic, nighttime 71.5 6 1.3 67.8 6 1.3 68.8 6 1.6 68.1 6 1.5
Changes in blood pressure and heart
rate assuming the upright position
Systolic mm Hg 224.6 6 2.35b 23.3 6 0.3 221.2 6 3.2b 22.4 6 1.7
Diastolic mm Hg 215.7 6 2.7a 1.01 6 1.4 212.5 6 3.4a 1.3 6 1.9
Heart rate beats/min 14.7 6 3.8 13.3 6 3.11 15.0 6 4.9 18.3 6 4.3
Symptoms of OH 20/20 1/18 10/10 0/10
Values are mean 6 SE. Abbreviations are: OH, orthostatic intolerance; BMI, body mass index.
a P , 0.05 vs. controls
b P , 0.01 vs. control
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levels. In contrast, in patients with OH, the postural change
induced significant increases in PRA (P , 0.01), aldoste-
rone (P , 0.01), epinephrine (P , 0.05), norepinephrine
(P , 0.05), and a significant decrease in plasma ANP levels
(P , 0.01).
Protocol 2: Renal sodium handling on a high sodium
diet
The baseline characteristics of the patients and control
subjects included in this protocol are shown in Table 1.
After one week on a high sodium diet, the 24-hour urinary
sodium excretion increased to 222 6 14.7 mmol/day in
controls (P , 0.001 vs. regular diet) and to 229 6 29
mmol/day in OH (P 5 0.01 vs. regular diet). Daytime blood
pressure increased from 113/80 6 0.5/0.5 mm Hg to
116/82 6 0.5/0.5 mm Hg (P , 0.05/0.05) in control subjects
and remained unchanged in patients with OH. Similarly,
nightime blood pressure increased in controls (from 101/
68 6 1.2/1.5 mm Hg to 106/74 6 1.7/1.6 mm Hg, P ,
0.05/0.05) but not in OH. On a high salt diet, the fall in
blood pressure induced by the orthostatic test was blunted
in OH (from 221.2/212.5 6 3.2/3.4 mm Hg to 28.4/
22.3 6 1.4/0.9 mm Hg, P , 0.05/0.05). In contrast, no
change in blood pressure was observed in control subjects.
Clinically, 6 out of 10 patients became asymptomatic on a
high sodium intake.
The renal handling of sodium on a high salt diet is shown
in Table 2. As expected, the overall sodium excretion
Table 2. Diurnal variations in segmental sedium handling in patients with orthostatic hypotension (OH)
Parameter
Protocol 1: Free sodium diet Protocol 2: High salt diet
Orthostatic hypotension
(N 5 20)
Controls
(N 5 18)
Orthostatic hypotension
(N 5 10)
Controls
(N 5 10)
Day Night Day Night Day Night Day Night
UNaV mmol/min 114.8 6 12 131 6 24 101 6 8.4 92 6 8.0 198 6 28
d 155 6 37 168 6 14e 168 6 24e
Creatinine clearance
ml/min
101 6 8 138 6 11bc 107 6 5 108 6 8 109 6 14 126 6 9 106 6 8 116 6 7
Sodium clearance
ml/min
0.83 6 0.09 0.81 6 0.14 0.76 6 0.08 0.67 6 0.06 1.4 6 0.3e 1.1 6 0.3e 1.14 6 0.1e 1.2 6 0.2e
Lithium clearance
ml/min
18.9 6 3.0 25.7 6 4.0ac 21.0 6 2.0 18.7 6 1.0 29.2 6 5.0 23.8 6 4.0 22.0 6 2.2 20.6 6 2.0
Potassium clearance
ml/min
13.3 6 1.0c 9.0 6 1.0b 16.7 6 2.0 7.7 6 1.0b 14.4 6 1.0 6.9 6 1.0a 16.7 6 2.7 9.5 6 3.0a
FDENa % 5.23 6 0.8 3.2 6 0.3
a 3.7 6 0.3 3.6 6 0.3 5.3 6 0.65 3.9 6 0.69 5.5 6 0.62e 4.9 6 0.4e
UK/UNa mmol/mmol 0.53 6 0.06
c 0.39 6 0.04b 0.70 6 0.05 0.39 6 0.06b 0.30 6 0.05e 0.22 6 0.02ae 0.42 6 0.05e 0.25 6 0.04bd
ULi/UNa mmol/mmol 0.034 6 0.006 0.066 6 0.017
a 0.052 6 0.009 0.050 6 0.01 0.031 6 0.007 0.057 6 0.03 0.035 6 0.01d 0.039 6 0.01
Abbreviations are: UNaV, urinary sodium exretion; FDENa, fractional excretion of sodium from the distal tubule; UK/UNa, urinary potassium to
sodium ratio; ULi/NNa, urinary lithium to sodium ratio. Day 5 8 am to 10 pm, night 5 10 pm to 8 am
a P , 0.05, b P , 0.01 night vs. day
c P 0.05 OH vs. controls for the same period of the day
d P , 0.05, e P , 0.01 high salt vs. free salt diet
Table 3. Neurohormonal response to posture in control subjects and patients with orthostatic hypotension
Hormone Position
Protocol 1: Free sodium diet Protocol 2: High salt diet
Orthostatic
hypotension
(N 5 20)
Controls
(N 5 18)
Orthostatic
hypotension
(N 5 10)
Controls
(N 5 10)
PRA ng/ml/hr supine 0.63 6 0.07 0.58 6 0.07 0.58 6 0.12 0.44 6 0.08
upright 2.2 6 0.44b 1.42 6 0.17b 1.58 6 0.41b 1.27 6 0.23b
Aldosterone pg/ml supine 67.1 6 8.8 80.8 6 10.2 46.2 6 6.1 55.5 6 7.4c
upright 101 6 14.1a 98.6 6 14.1 66.2 6 16.2 66.4 6 6.4b
ANP fmol/ml supine 20.54 6 2.71 21.67 6 2.25 22.55 6 3.83 23.4 6 3.02
upright 14.9 6 1.81b 18.77 6 3.14 15.76 6 2.46b 17.24 6 2.08a
Epinephrine nmol/liter supine 0.74 6 0.15 0.84 6 0.14 0.8 6 0.2 1.41 6 0.26c
upright 1.17 6 0.23a 0.77 6 0.14 1.06 6 0.35 1.54 6 0.35d
Norepinephrine nmol/liter supine 2.78 6 0.49 2.62 6 0.3 2.84 6 0.52 2.42 6 0.32
upright 3.48 6 0.61a 3.89 6 0.42b 3.48 6 1.07 3.27 6 0.49a
Dopamine nmol/liter supine 1.54 6 0.49 1.84 6 0.44 0.52 6 0.19 3.67 6 2.93
upright 1.93 6 0.68 1.74 6 0.71 0.82 6 0.52 1.05 6 0.47
NPY nmol/liter supine 13.2 6 1.5 14.1 6 3.0 8.01 6 2.3c 9.46 6 2.36
upright 19.7 6 3.7 21.8 6 4.3a 11.95 6 3.2 11.45 6 2.11
Abbrevaitions are: PRA, plasma renin activity, ANP, atrial natriuretic peptide; NPY, newopeptide Y.
a P , 0.05, b P , 0.01 upright vs. supine
c P , 0.05, d P , 0.01 high vs. free salt diet
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increased in both groups (P , 0.05 vs. protocol 1), and so
did sodium clearance and to a lesser extent the lithium
clearance. Potassium excretion was unchanged. In controls,
except for potassium excretion, which decreased during the
night, the daytime and nighttime variations in sodium
excretion and segmental sodium handling were again re-
markably small. In patients with OH, the creatinine clear-
ance was still slightly higher during nighttime, but the
difference did not reach the statistical significance. Lithium
clearance was unchanged throughout the day, but the
ULi/UNa ratio was still higher and the fractional distal
excretion of sodium lower during the night in OH patients.
The hormonal response to an orthostatic test in patients
and control subjects on a high sodium diet is shown in
Table 3. In these experimental conditions, the hormonal
response was similar in controls and in patients and was
characterized by a threefold increase in PRA, a slight
increase in plasma aldosterone, norepinephrine and NPY
levels and a slight but significant decrease in plasma ANP
levels.
DISCUSSION
The results of the present study show that renal sodium
handling differs in patients suffering from orthostatic hy-
potension and in age-matched control subjects. In healthy
controls, sodium excretion did not vary significantly be-
tween the daytime hours of normal activity and the supine
hours at nighttime. In patients with orthostatic hypotension
(OH) significant diurnal changes in sodium excretion were
observed. The main characteristics of OH patients were:
(1) a significant increase in glomerular fliltration rate
during the night and (2) an increase in lithium clearance,
suggesting a decreased proximal reabsorption of sodium
during the night. On a high sodium diet, the symptoms of
orthostatic hypotension and the diurnal sodium excretion
pattern are blunted. The clinical improvement may be
explained by a salt-induced increase in extracellular fluid
volume since the hormonal response to posture was also
blunted after salt supplementation.
Studies conducted in the 1950s and 1970s showed that
patients with idiopathic orthostatic hypotension, a rare
disorder of the autonomic nervous system, have a reverse
pattern of sodium and water excretion with an excessive
loss of extracellular fluid during the night [6, 9]. This
excretion pattern has been thought to explain why hypo-
tension and fainting in these patients is often worse in the
morning. The present study differs from the previous
investigations in several ways. First, the diurnal variations
in sodium excretion have been measured in young patients
with orthostatic hypotension who probably have a milder
form of autonomic failure, since they had orthostatic
hypotension with an inadequate heart rate response [23].
Second, endogenous lithium was used as a marker of
proximal sodium reabsorption to evaluate more precisely
the daytime and nighttime renal tubular handling of so-
dium. Endogenous lithium clearance is now considered the
best method available to estimate proximal tubular sodium
handling since post-proximal reabsorption of lithium is
negligeable in humans [24]. Moreover, the determination
of endogenous lithium avoids the possible interference of
exogenous lithium with sodium excretion [25]. Lastly, am-
bulatory blood pressure was measured throughout the day.
Our data demonstrate that patients with OH, in contrast
to normal healthy subjects, are characterized by significant
diurnal variations in segmental sodium reabsorption. Dur-
ing the daytime, patients appear to have a slight increase in
proximal tubular sodium reabsorption expressed by a rela-
tively low ULi/UNa and lithium clearance. As a consequence
of the decreased distal delivery of sodium, the UK/UNa ratio
is low during the day in OH patients and the FDENa is
increased. During the nighttime, despite the nocturnal
decrease in blood pressure, the glomerular filtration rate
rose significantly in patients with OH. With the increase in
glomerular filtration rate, the lithium clearance rose, sug-
gesting a decreased reabsorption of sodium in the proximal
tubule. At the post-proximal sites, sodium reabsorption was
significantly greater during the night. This may be a com-
pensatory response to the increased delivery of sodium
from the proximal segments. The proximal escape of
sodium during the nighttime might merely represent an
attempt to excrete the excess amount of sodium retained
during the day. However, if one considers that the daytime
sodium retention is triggered by a reduction in extracellular
fluid volume, this escape of sodium from the proximal
tubule during the night may favor the maintenance of
daytime hypovolemia.
Recent studies have suggested that patients suffering
from orthostatic intolerance, a mild form of orthostatic
hypotension, have an autonomic neuropathy affecting the
lower extremities [13, 15]. In addition, a reduced absolute
and upright dynamic hypovolemia has been measured in
these patients [11, 12]. Several animal studies have shown
that renal denervation induces a natriuresis and that vol-
ume-depleted animals with chronic denervation are less
competent in retaining sodium [26–28]. In vitro, mi-
cropuncture techniques have also established that renal
nerve stimulation can increase sodium reabsorption at the
proximal tubule as well as in the ascending loop of Henle
[29, 30]. The mechanism of this inability to conserve
sodium during the night is not known. One possible inter-
pretation of our results could be that due to an autonomic
defect in the lower extremities, our OH patients develop
hypovolemia when assuming an upright posture, particu-
larly when standing still and not benefitting from the usual
pump function by the skeletal muscles. During normal
daytime, upright activity they are able to maintain a low but
adequate volemia. During the nighttime in the supine
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position, however, venous return from the lower extremi-
ties and thus effective blood volume increases to supranor-
mal levels and the kidney responds appropriately by in-
creasing glomerular filtration rate, which leads to a
decrease in sodium absorption from the proximal tubule.
The hormonal response to the upright posture supports
the hypothesis of a relative hypovolemia in patients with
OH. Indeed, upon standing the patients exhibited not only
a more pronounced stimulation of vasoconstrictor and
salt-retaining principles such as renin and aldosterone, but
also a decrease in plasma ANP. Interestingly, a significant
increase in plasma epinephrine levels was observed in OH.
Previous experiments have shown that plasma epinephrine
increases rapidly upon standing in normal subjects and that
plasma levels return to baseline within 15 minutes [31]. In
our experimental conditions, epinephrine levels were mea-
sured only 30 minutes after standing, but the values were
still elevated in OH whereas they were unchanged in
controls, indicating the possible presence of hypovolemia in
OH.
The prescription of a high salt diet to expand extracel-
lular fluid volume is an effective initial approach to the
treatment of orthostatic hypotension [14, 32]. This simple
intervention appears to be effective also in patients with
OH, as 60% of them were clinically improved by the diet.
The clinical improvement can certainly be attributed to an
expansion of the extracellular fluid volume as the hormonal
response is notably blunted on a high sodium diet. In
accordance with the improvement of the hemodynamic
response to posture, the daytime renal handling of sodium
became comparable in controls and OH patients, further
suggesting that daytime hypovolemia was partially cor-
rected. Yet, the nighttime renal handling of sodium was not
completed normalized: the ULi/UNa ratio was still higher
and the distal excretion of sodium lower at night. This may
be due to the fact that not all patients were normalized.
This could also be compatible with the concept that the
higher sodium intake creates an even more pronounced
hypervolemia during the nighttime when the patients as-
sume a supine position. Whether a specific renal sympa-
thetic defect exists in addition cannot be ruled out. Of note,
a similar observation has been published concerning one
patient with idiopathic orthostatic hypotension in whom a
high salt diet combined with fludrocortisone or a head-up
tilt improved the symptoms but had no effect on the
abnormal diurnal pattern of water and sodium excretion
[9].
When ambulatory blood pressure was monitored in
patients with autonomic failure exhibiting postural hypo-
tension, a consistent circadian trend in blood pressure was
found that was the inverse of the normal pattern, with the
highest pressures at night [33, 34]. In our group of OH
patients, this inverse pattern was not observed, suggesting
that these patients did not suffer from severe dysautono-
mia. However, the patients’ blood pressures were higher
than those of the controls throughout the day. The differ-
ence was significant during the daytime only, and this could
be due to the neurohormonal stimulation evidenced in
standing position since most daytime blood pressure mea-
surements were acquired in this position. However, these
results of blood pressure should be interpreted cautiously.
Indeed, one has to take into account that the monitoring
was not continuous. Thus, hypotensive episodes were rarely
recorded. Whether the slightly higher nighttime blood
pressure in patients with OH contributes to the increase in
glomerular filtration rate and to the escape of sodium from
the proximal tubule is therefore difficult to assess.
In summary, our results show that the diurnal pattern of
renal segmental sodium reabsorption differs in patients
with orthostatic hypotension and in control subjects. On a
free salt diet, patients have a relative increase in proximal
sodium reabsorption compensated by a decreased distal
reabsorption during daytime that can be considered as an
adequate renal response to posture if these patients have
indeed a decreased effective blood volume. In support of
this hypothesis, the daytime renal response can be cor-
rected by a salt-induced volume expansion. More impor-
tantly, our data show that glomerular filtration rate in-
creases significantly during nighttime and that the proximal
segments retain less sodium during this period of the day in
patients with OH. This nocturnal alteration in sodium
handling is partially reversed by a high sodium diet. The
high glomerular filtration rate and the persistance of a
relative escape of sodium from the proximal tubular seg-
ments during the night in OH could be due to an adequate
renal response to an enhanced venous return and volemia
in the supine position and/or it could reflect a partial renal
sympathetic defect. These diurnal variations in sodium
handling might play a pathophysiological role in the main-
tenance of the orthostatic hypotension.
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